We report a case of Cushing syndrome secondary to adrenal adenoma and the fetus showing nonreactive fetal heart rate pattern on non-stress test some days with general movements (GMs) negative. The tumor was confirmed at 31+5 weeks of pregnancy and removed surgically one month after the birth. The fetus showed nonreactive fetal heart rate pattern on non-stress test for nearly a week and was born by caesarean section at 33+6 weeks of gestation. Five months after birth, the fetus had the test of GMs which was normal.
Introduction
Cushing's syndrome (CS) is a disorder caused by high excessive exposure to cortisol that is associated with significant maternal and fetal complications including hypertension, diabetes, heart failure, pulmonary edema, spontaneous abortion, preterm labor, fetal intrauterine growth, retardation, miscarriage and stillbirth [1] [2] [3] . In contrast to the general population, the most common cause of CS during pregnancy is adrenal adenoma followed by pituitary etiology, pregnant situation and adrenal carcinoma [4] [5] [6] . Although the mechanism underlying this condition remains unclear, it could be related to less ovarian function interference in pure cortisol secreting adrenal adenomas. Cushing's syndrome during pregnancy is a rare metabolic condition that is difficult to diagnose [1, [7] [8] [9] . The diagnosis of this disorder during pregnancy is challenging because the typical symptoms for Cushing's syndrome mimic those of normal pregnancy. The diagnosis is usually made based on clinical presentations, laboratory workup and imaging findings.
Even after detection of CS, the management of CS remains controversial. It can be managed medically with metyrapone and cabergoline, surgically such as Laparoscopic adrenalectomy, or conservatively [4, 7, [10] [11] [12] . Many literatures advocate active treatment in controlling serum cortisol levels. Whether active treatment or conservative treatment could ensure a safe maternal and fetal outcome is still in research. Here we reported a pregnant woman who developed Cushing's syndrome received conservative management and we would like to discuss the diagnosis and management of CS during pregnancy.
Case Report
A 31-year-old primiparous (G1P0) woman was referred to our hospital at 15+5 weeks of pregnancy for dissatisfied blood glucose. Her medical history revealed mild high blood pressure and mild diabetes mellitus controlled by metformin, She came for pre-pregnancy checkup in 2012 and found rudimentary horn of uterus from ultrasonography and MRI. This time, her glycosylated hemoglobin (HbA1c) was 6.9% (Normal ≤6.5%). Her fasting plasma glucose ranged 3.8-6.1 mmol/L and postprandial blood glucose ranged 3.9-7.8 mmol/L. Her blood pressure ranged 117-142/78-94 mmHg controlled by labetalol. Because of the ketonuria and uncontrolled hyperglycemia, she was admitted. We initially managed her blood glucose by diet, exercise and medicine and then switched to insulin for better blood glucose control.
At 29 weeks of pregnancy, she developed proximal muscle weakness especially on the lower limbs. The basic biochemical examination was normal except for hypokalemia (potassium was 2.5 mmol/L) and potassium chloride was administered. Thyroid hormones were below normal range. Thyrotropin (TSH) was 0.25 μIU/ml with normal ranges between 0.60-6.48 μIU/ml. Free Triiodothyronine (FT3) was 1.7 pmol/l with normal ranges between 3.14-5.04 pmol/l. Free Thyroxine (FT4) was 6.99 pmol/l with normal ranges between 9.12-15.71 pmol/l. She suffered from hypothyroidism and was taking 25 μg of levothyroxine. The patient was taking calcium tablet two pills one time a day. At 31+5 weeks of pregnancy, the ultrasonography of the adrenal gland was performed cause of repeat hypokalemia and typical cushingoid signs including truncal obesity, moon face, prominent dorsal and supraclavicular fat depositions, acne, and purple striae on abdomen. Ultrasonography revealed a round tumor with a size of 30x25 mm around the right adrenal gland. Then, Cushing's syndrome related auxiliary examinations were tested one by one.
Serum cortisol concentration after morning awakening was 908.65 nmol/L with normal ranges between 185-624 nmol/l and in the afternoon 723.31 nmol/L with normal concentrations below 276.4 nmol/l. The 17-hydroxycorticosteroid 24 h urinary excretion was 30.75 mg/24 h with normal ranges between 2-8 mg/24 h and 17-ketone steroids 21.78 mg with normal ranges between 6-14 mg/24 h. The plasma adrenocorticotropic hormone (ACTH) concentration at 8 am and at 4 pm were both less than 1.00 pg/ml with normal range between 5-60 pg/ml.
At 32 week 4 day weeks of pregnancy, vanillyl-mandelic acid (VMA) 24 h urinary excretion was 1.90 mg/24 h with normal ranges
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between 2-7 mg/24 h and Homovanillic acid (HVA) 1.4 mg/24 h with normal ranges between 2-7 mg/24 h. The plasma renin activity was 0.40 ng/ml/h in a sitting position with normal range between 0.93-6.53 ng/ml/h. Angiotensin II was more than 800.00 Pg/ml in a sitting position with normal range between 55.3-115.3 Pg/ml. Aldosterone was 191.53 Pg/ml in a sitting position with normal range between 65.2-295.7 Pg/ml. The Magnetic Resonance Imaging (MRI) of abdomen revealed a round lesion recognized of adrenal adenoma in the right adrenal gland with size of 34x20x26 mm (Figure 1 ).
At 33 weeks of pregnancy, the fetus showed nonreactive fetal heart rate pattern on non-stress test for nearly one week on account of the fear of the patient and her husband about termination of pregnancy. We used Mucosolvan 1.0 g one time a day for two days to prevent respiratory distress syndrome and closely monitoring the fetal heart rate. A female neonate was born by caesarean section at 33 week 6 day weeks of pregnancy. The Apgar score at 1 and 5 min was nine points at both times. Birth weight was 1670 g and was appropriate for the gestational age. Due to wet lung of the newborn and low birth weight, the newborn was admitted to Neonatology Department. The basic biochemical examination was normal. On the secondary day we started enteral feeding with good tolerance and a normal body weight gain. Mild neonatal jaundice occurred in the hospital and required phototherapy. On the 30 th day of life the newborn was discharged home in a good condition with a body weight of 2000 g. Five months after birth, the fetus had the test of general movements (GMs) and reveal normal. GMs is an early utility prediction of serious neurological development outcomes such as cerebral palsy.
On the 35 th day after delivery, the patient was admitted to the Ruijin hospital.
After preoperative preparation, laparoscopic right adrenalectomy was performed. The histopathological result after surgery revealed a cortical adenoma of the right adrenal gland (diameter of 30 mm). Directly after the surgery, a hydrocortisone substitution was introduced. The patient was dismissed from hospital on the seventh postoperative day. The patient was referred to the outpatient clinic for later follow-up.
Discussion
Although Cushing's syndrome during pregnancy is extremely rare-to date, less than 140 cases have been records, but it is associated with significant maternal and fetal morbidity [1, 4] . In addition, the diagnosis may pose a challenge because the typical symptoms of Cushing's syndrome may also occur in normal pregnant women. Therapy for Cushing's syndrome during pregnancy is significantly limited in view of the very limited experience.
The most common cause of CS during pregnancy is adrenal adenoma, followed by pituitary etiology, and adrenal carcinoma. Of the total number of CS cases, adrenal adenomas comprise about half of cases in pregnancy in contrast with pituitary-dependent disease predominates in the non-pregnancy women [2, 4, 11] . The reason might be related to less ovarian function interference in pure cortisolsecreting adrenal adenomas [3, 11] . In addition, several cases of pregnancy-dependent CS have been reported and the most commonly mechanism involves aberrant LHCGR expression [2, 9, 13] . Pregnancy is associated with marked changes in the hypothalamus-pituitaryadrenal (HPA) axis, resulting in a state of increasing HPA function [4, 11] . The increases in plasma cortisol are noted as early as 11 weeks of gestation. In this case, the MRI of abdomen revealed polycystic change in the liver and kidney two years ago. She developed typical cushingoid signs at 29 weeks of gestation. The MRI of abdomen revealed a round lesion recognized of adrenal adenoma in the right adrenal gland. Maybe pregnancy stimulates adrenal hyperplasia to form adrenal adenoma.
The diagnosis of the CS in pregnancy is more challenging than in the non-pregnant state and is confounded by the similar symptoms and normal pregnancy rise in serum and urine cortisol. Pregnant women without CS may show symptoms suggestive of hypercortisolism, such as central weight gain, edema, moon facies, abdominal striae, hypertension, pre-eclampsia, glucose intolerance and gestational diabetes [2] [3] [4] 9, 11, 12] . In addition, the presence of hyperpigmented violaceous striae of typically large and purple as supposed to skin-colored striae, proximal myopathy, hirsutism, acne and pathologic fractures may help to distinguish CS from normal pregnancy symptoms [4, 11] . In this case, the patient presented with hypertension, diabetes, muscle weakness, moon face, acne and purple striae on abdomen.
Making a biochemical diagnosis of Cushing's syndrome in pregnancy is also not straightforward cause of 2-fold to 3-fold increasing in maternal plasma cortisol concentrations during pregnancy which may overlap those seen in CS [4, 11, 12] . The best screening test in pregnancy is a 24 hour urine collection for free cortisol [14] . UFC concentrations greater than 3 times the upper normal limit can be considered to be consistent with pathological hypercortisolism [15, 16] . In addition, the dexamethasone suppression test in pregnant women has a higher false positive rate due to blunted response to dexamethasone [1, 11, 12] . However, the diurnal rhythm of plasma cortisol is preserved in pregnancy, so identifying a lack of diurnal variation of cortisol is helpful in establishing the diagnosis of CS [1, 11] . To conclude, current data suggest that a combination of UFC concentrations greater than3 times the upper normal limit and absent diurnal variation of plasma cortisol levels could be the clues of diagnosis of CS in pregnancy.
Once biochemical evidence of CS is confirmed, the next step is to determine the etiology and imageological diagnosis to differentiate between pituitary adenomas, adrenal tumor and other rarer causes. Ultrasonography is first examination method selected to patient to scan abdomen inspection. Although further studies are needed to evaluate the safety of MRI in pregnancy, it is safer than CT. MRI tests should be carefully carried out for evaluation of the adrenal glands and pituitary because it is FDA category C. In this case of our patient, critical for diagnosis was the improper concentration of serum cortisol in the blood and the round rumor which was found around the right adrenal gland during ultrasonographic examination and MRI.
Both the mother and the fetus have severe complication induced by CS. Maternal complications include hypertension, pre-eclampsia, impaired glucose tolerance, diabetes mellitus, myopathy, cardiac failure, pulmonary edema and opportunistic infections. The fetus may suffer from miscarriage, intrauterine growth retardation, pre-term deliveries and stillbirth [2, 3, 7, 9] . Fetal adrenal suppression occurs rarely suggesting that placental degradation of cortisol protects the fetus [11] . In this case, the fetus showed nonreactive fetal heart rate pattern on non-stress test for nearly a week and GMs revealed normal at five months after birth. The non-stress test showed the activity of the fetal brain. Nonreactive fetal heart rate pattern revealed the fetus having intrauterine anoxia or cerebral palsy, but the fetus was normal after birth. The maternal thyroid function tests revealed central hypothyroidism. The fetal brain activity was suppressed, so the nonstress test showed nonreactive fetal heart rate pattern. Throughout this case, we might look forward to treatment instead of termination of pregnancy when the pregnancy complicated CS. Of course, it is crucial to strengthen the maternal-fetal monitoring.
Management of the pregnancy patient with CS includes identifying the etiology and establishing proper therapy. The right therapy is crucial for the maternal and fetal prognosis. Surgical treatment is reported to be the mainstay of therapy of CS in pregnancy [1, 9, 12, 17] . Laparoscopic adrenalectomy is the therapeutic modalities for adrenal adenoma and transsphenoidal pituitary microsurgery for pituitary adenoma. Although the ideal timing for surgery is still in debate, the early second trimester is considered to be optimal by most surgeons [3] . In the third trimester, conservative treatment and early delivery was preferred [1] . In case of nonsurgical treatment, metyrapone is the first choice of the drugs, as ketoconazole has proved to be teratogenic and embryotoxic in animal studies [9] .
